This study aimed to analyze the risk factors and treatment efficacy of neurobrucellosis.
Background
Brucellosis, the most common zoonotic infectious disease, is caused by the bacterial genus Brucella. In the early stages of infection, the bacteria invade, and then survive and reproduce in macrophages [1] . As Brucella can effectively evade the body's immune response and easily spread in the body, the infections often involve multiple tissues and organs [2] . Because it is difficult for ordinary drugs to enter the cells to kill the bacteria, brucellosis is hard to cure and relapse is common. Therefore, medication should be given in an adequate, long-term, and combined manner and by multiple routes during acute treatment [3] . In this study, the efficacy of the standard treatment regimen was analyzed in 66 patients with neurobrucellosis (NB). Moreover, a cross-sectional epidemiologic survey was conducted in 557 patients with brucellosis to reveal its pathogenic features and risk factors for the development of NB.
Material and Methods

Clinical data
A total of 557 patients with brucellosis from the Affiliated Hospital of Inner Mongolia Medical University and Center for Disease Control of Inner Mongolia Autonomous Region were assessed from September 2012 to November 2014. Of these, 66 patients were diagnosed with NB. All patients signed an informed consent to treatment.
Treatment
The 66 patients enrolled in the study were given doxycycline (100 mg, twice daily [bid], oral, 6 weeks), rifampicin (600 mg/d, 6 weeks), ceftriaxone sodium (2.0, bid, intravenous infusion [IV], 4-6 weeks) as standard medication. For patients allergic to cephalosporins, ceftriaxone sodium was replaced with levofloxacin hydrochloride (0.4 g, once daily [qd], IV, 4-6 weeks). For patients with central nervous system (CNS) damage, symptomatic treatment, such as antiplatelet aggregation, intracranial pressure lowering, stress ulcer prevention, anti-infective therapy, and rehabilitation, was administered in addition to standard medication. For patients with peripheral nervous system damage, vitamin B1 (10 mg, 3 times daily [tid], 6 weeks), mecobalamin (500 µg/d, intramuscular injection [IM], 6 weeks), and a neurotrophic agent (mouse nerve growth factor, 9000 IU/d, IM, 2 weeks) were given along with rehabilitation. All patients with NB had liver and kidney function tests and routine blood tests performed weekly.
Efficacy evaluation
1. Patients with NB with cerebrovascular disease were assessed by both the US National Institutes of Health Stroke Scale (NIHSS) [4] and the modified Rankin Scale (mRS) [5] at admission, then by NIHSS after 2 weeks of treatment, and by mRS after 6 weeks of treatment. The score results were statistically analyzed to determine efficacy. 2. For those with intracranial infection and inflammatory demyelination, the efficacy was assessed by clinical symptoms, signs, and lumbar cerebrospinal fluid analysis at admission, and after 2 and 6 weeks of treatment. 3. For those with peripheral nervous system damage, the efficacy was assessed by electroneurophysiologic tests at admission, and after 2 and 6 weeks of treatment.
Analysis of risk factors
A cross-sectional epidemiological study was carried out in 557 patients diagnosed as brucellosis by 3 specially trained neurologic clinicians. 
Results
Comparison in 35 patients with CNS NB (CNSNB) before and after treatment
Ten patients who developed NB from cerebrovascular damage had significantly improved symptoms and signs after treatment compared with before treatment. The NIHSS score was significantly lower 2 weeks after treatment than before treatment (from 9.20±1.55 down to 4.30±1.16, P=0.000). The mRS score was significantly lower 6 weeks after treatment than before treatment (from 4.00±0.47 down to 2.50±1.35, P=0.023).
Examples of imaging findings in CNSNB are shown in Figures 1 and 2.
Comparison in 31 patients with peripheral nervous system NB (PNSNB) before and after treatment
Comparison of sensory nerve amplitudes
Significant differences were observed in the 5 sensory nerve amplitudes before and after treatment (P<0.05). They were all increased to varying degrees after 2 weeks of treatment.
Results are shown in Table 1 .
Comparison of sensory nerve conduction velocities
Sensory nerve conduction velocities were significantly higher after 2 weeks of treatment than before treatment (P<0.05).
Comparison of motor nerve latencies
Motor nerve latencies of the median nerve, common peroneal nerve, and tibial nerve were significantly shorter after 2 weeks of treatment than before treatment (P<0.05); however, no significant difference was observed for the ulnar nerve (P>0.05). Results are shown in Table 2 .
Comparison of motor nerve amplitudes
Motor nerve amplitudes of the median nerve, common peroneal nerve, and tibial nerve were significantly higher after 2 weeks of treatment than before treatment (P<0.05); however, no significant difference was observed for the ulnar nerve (P>0.05). Results are shown in Table 2 .
Comparison of motor nerve conduction velocities
Motor nerve conduction velocities of the median nerve, ulnar nerve, common peroneal nerve, and tibial nerve were significantly higher after 2 weeks of treatment than before treatment (P<0.05). Results are shown in Table 2 .
Comparison of F-wave latencies
F-wave latencies of the ulnar nerve and tibial nerve were significantly shorter after 2 weeks of treatment than before treatment (P<0.05). Results are shown in Table 3 . patients with NB, 35 suffered from CNS damage (53.0%) and 31 from peripheral nervous system damage (47.0%), representing a ratio of approximately 1:1.
Cross-sectional epidemiologic study to identify risk factors for nervous system damage in patients with brucellosis
Univariate analysis of risk factors
Age and duration of disease were related to the development of nervous system damage in patients with brucellosis. The risk for nervous system damage increased with increased age and a longer duration of disease (all P<0.05). A significant difference was observed between patients aged ≥60 years and those in all other age groups, except those aged 50 to 59 years (P<0.05). Results are shown in Table 4 .
Multivariate analysis of risk factors
Gender, nationality, and residence were not related to the development of nervous system damage in patients with brucellosis (P>0.05), whereas age and duration of disease were related factors. Increased age and a prolonged duration of disease were risk factors for the development of nervous system damage in patients with brucellosis (P<0.05). Results are shown in Table 5 .
Discussion
Because brucellosis is difficult to cure and patients tend to relapse easily (with a relapse rate of 5% to 10% [6] ), a long course or multiple courses of treatment with a combination of antibiotics with high cell-wall permeability and strong CNS-penetrating effects should be administered [7] . In this study, doxycycline, rifampin, and ceftriaxone sodium (or third-generation cephalosporins) were administered as standard medications [2] . Quinolones were recommended for patients allergic to cephalosporins. It was also reported that levofloxacin was effective in the treatment of brucellosis [8, 9] . Significant improvement of symptoms and signs were observed in 9 patients with cerebrovascular disease after systematic treatment with antibiotics, and a decrease of more than 4 in NIHSS and mRS scores was measured in most of them, representing a significant difference (P<0.05). One patient who did not receive systematic anti-brucellosis treatment had an increased hematoma volume, and later developed a cerebral hernia and died (probably from a ruptured bacterial aneurysm). Triple antibiotic therapy should be given to patients with brucellosis complicated with intracranial infection. The treatment should last until clinical manifestations and all lumbar cerebrospinal fluid indicators return to normal, which is generally at least 6 weeks. Better effects can be achieved with early treatment. These findings are consistent with previous studies [10, 11] . Early surgery is recommended for patients with abscesses who are eligible for surgery, and a full course of triple antibiotic therapy should also be administered for better efficacy [12] .
In our study, in patients with PNSNB, sensory nerve damage was often an early manifestation; the decrease of sensory nerve action potential amplitudes was significantly greater with the superficial peroneal and sural nerves in lower extremities than with the median nerve in upper extremities (P<0.05). Nerve action potential amplitude reduction is due to the loss of nerve fiber axons. It indicates that the disease mainly involves axonal damage, and the sensory nerve involvement is higher than the motor nerve involvement, with a significant decrease in the sensory nerve action potential amplitude. Our results demonstrated a prolonged average F-wave latency with the ulnar nerve in 5 patients (16.2%) and with the tibial nerve in 11 patients (35.5%). A more marked prolongation of average F-wave latency was observed in lower extremities than in upper extremities. 
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Changes in F-wave latency may indicate proximal neuropathy. F-wave is also an important indicator for evaluating proximal nerve function, and F-wave abnormities reflect the level of radiculopathy. This is likely because the lumbosacral nerve root is predominantly involved in patients with brucellosis.
Previous studies reported that nervous system damage commonly involved the peripheral nervous system, and rarely the CNS in patients with NB [13, 14] . In this study, the proportion of patients with CNS damage was close to those with peripheral nervous system damage, which might be because the patients with NB admitted to our hospital were severe cases. Since our hospital is a third-grade class-A hospital medical center, all critical patients are transferred to our hospital. Two of the patients developed both central and peripheral nervous system damage, and were classified as having CNS damage. Another possible reason for our approximately 1: 1 finding is that patients with CNS damage were all inpatients, whereas some patients with peripheral nervous system damage were outpatients.
In this study, multivariate analysis revealed that age and duration were factors related to the development of nervous system damage in patients with brucellosis. Increased age and a prolonged duration of disease increased the risk of developing nervous system damage in patients with brucellosis (P<0.05). However, sex, nationality, and regional distribution were not related to the development of nervous system damage (P>0.05). Most patients developed NB at 60 years of age and older. Lowered immunity might make it more likely for older patients to develop NB. Patients with a longer duration of brucellosis were more likely to suffer from nervous system damage, which is consistent with the findings of a previous study [15] . Significantly more male patients were enrolled in the present study than female patients, which was related to the different exposure levels between males and females. In northern Chinese families, men are the major performer of heavy physical work, and middle-aged and older men are the major performers of breeding and feeding. Nationality and regional distribution were not risk factors, which might be related to the limited scope of the epidemiologic survey and distribution features of nationalities. Although the Inner Mongolia Autonomous Region is a minority region, it is inhabited by multiple nationalities, and predominantly by Han Chinese, while the Mongolians mostly live in the pastoral area. 1011
